#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 15 (2024)

157102

B FHLH RS § & # PEDOT:PSS/3-Ga,0;4
WK R RREGEMEBEMFZFAR

BEFHY EEHD  ERY
EX SIS R

FEY BFEEY HEEY
hEEY R

1) (LTI RF YIS FH AR, KiE  116029)
2) (REMTRFEM A, KiE  116024)
(2024 4 5 A 7 HYgF; 2024 4£ 6 A 3 HURENE )

B-GayOy BAT BRI (£ 4.9 eV). B FH I (48 MV/cm). B I 194k 2554 8 Pk ke & 400 o5
e — PR HT R I 25 2SRRI 2R A A . B T ARIB 2419 B-GagO5 2 n B A, BT LA 4% p 7Y B-Ga, Oy
T I AR 2 R e, Tl 29 7 Rl PN &5 0007 & S50, B (3, 4-% 58 EW)-B 2K 2 i iR (PEDOT:PSS)
B p BB REY), 78 250—700 nm 17 % 5 B, SR A p 845 ML B PEDOT:PSS #1 n 8 3-Ga,0,4
R R S5 JBT 45 1T e A PIN 45 780 5 Fi 25470 1 F dhl 42 Ak — g 42 A SOR AL B 1k DA B-GapO5 PR RS IS | 3]
B AR B-GayO3 UK A, BOK A KA 4 mm, 98 R 500 pm, JEE R 57 pm. $45 HLA & PEDOT:PSS
U 7 AR B B SR B TR 9 — M 11 4%t PEDOT: PSS/ B-GayO4 JoHL- A L5 T 25 i 45 41 B AR I 2%, 28 1h2¢
IR R e AR, T EL R SR R X 254 nm SRR, HAT R AP B AL AR 2 A SR AN DI 2 1Y
M) J37 E N M- TR A3 0 R 7.13 A/W I 3484%, b Tt iE] AT RIS ] 43 90 A 0.25 s A10.20 s. HAh, 34N A TR
AT 254 nm AN HERI P BE oK & B 09 RIS G . AR SCAY A S 5T T AR K %o BF 2 L 45 S I 2R

S4TSR A JE R R I SR

FE4#E: 3-Ga,05, PEDOT:PSS, SEFi4h, L4 G IRIM #%

PACS: 71.20.Nr, 81.05.Fb, 85.60.Gz, 85.30.-z

PTAER, SEAMRINTE S U ER T ANLA S
IS5 ] v AR ORI | PR TS Y I S
FH R HSURARA G T 2 RN TS, B, %50
DG HLPRIN 5% 32 B BT 95 B2 AR R A
J, W Zn Mg, 0, Al,Ga; N, B-Ga,04 55 14, Hrp
Zn Mg, O BAEDGH - SRE, (H b T 5 Mg 44>

DOI: 10.7498/aps.73.20240630

1) ZnMgO A 4 R AR5 HA 43 AR NS, it o 55
()L, T LA 1R ) 58 A MR 28 g 1o 48 1 b 0 35
F 300 nmbP9. Al Ga, N H BT 3.4—6.2 eV [] 7]
¥, {0 ALGa; N BYBREE % BE i 5, X 25 B
P TR R AR B2 R A e P4 AT, AT PR T AL Gay N
JE H MR8 B MERE 9. T 3-GagO5 42
BN 4.9 eV 1Y n B II-VI iR G4 B e b B2k 5
AR, B AEE AN B 253 nm b HA BEI A I 1k
W, WAL T HE X7 8 200—280 nm BN,

* EF AR (S 12075045) RIETRHLAIHTAES (ES: 2023]J12GX016, 2023]J12GX013, 2022JJ12GX023), il
TR YE K 2022 4F T v BHUE AR 5 B R B R (S . 22GDL002) FlL 7218 R 2F 8 F #F M R W H (S

LSJGJXFF202330) %% Bh 1 i4a.
t BIE1EE. E-mail: gjfeng@dlut.edu.cn
© 2024 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

157102-1


http://doi.org/10.7498/aps.73.20240630
mailto:qjfeng@dlut.edu.cn
mailto:qjfeng@dlut.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 15 (2024)

157102

SRy i 32 55 A1 L R 15 1) BB b ) 2 — 101,
Ak, B-GayOy i HAREENE | S i % 18
AT ULYG RN LT AT X 3 HL A = i W B | IR A A
K5 Tk 2P A Kk ) 45 A B SRR A R
YERBUR SR JE S R 1A R AR A %
i K BHAE F S5 1 P S A RE. AR AR AR B
FEARB I 3-GaO5 I n RIS, Bl p BY 3
Ga, Oy P AR il 25 R G BT X AR 22 FRIME, DLtk
BRI T B-Ga,O4 #rBYFF K 5 0, tiil 2 7 3
TEGCHL AR K SR, BB (3, 4-208 TR e )-SR OE
&R (PEDOT:PSS) J&—Ff p 5 HL A AL
BT FARL, TE 250—700 nm I B A EH B S BE
WIEE, FLIFEAT A 908 (1000 S/em) ., 25 70T
BARE (1.7 cm?/(V-s)). fb2e R i S e, ik
AT 32 I 5 H FA LA B P 55 B 25 A i (214,
Fr LASRH p B4 HLA R PEDOT:PSS 1l n %4 3-
GayOg il Bl 5 45 B84 1T o PN 25804040l
BRIZR O Lt —Fh T BER A2, BUAb, SAAA A
B-GayOg HATH R iR £ ) 5744, JL(010) iz
[ () Al 2 i = A RS54, T2 A5 2 IR BUAN ]
T AN T1, S5 5 i B TR 2L, SR (100)
T 2 (6] S (001) T2 [A145 A F14855, 25 %) fift B3 1916,
FTLL B-GayOsq Bty T LA o A LA 28 2 A T34
Bl BT R A B R IS T LR A R O A
T, %A VR R T 1% 40 b AR B A ' i A v
pn RTS8, [ TR B S 5 TS, AR SR

PEDOT:PSS

B-GayO; PEDOT:PSS
ZREE AN

B 1

B-Gaz03 7

WEPEDOT: PSS

%Ag

A N
B-Ga;03” PEDOT:PSS

BT

FADUBRI B A B-GagO5 BAAHHOK F il & Hh T BAR
PEDOT:PSS/B-Gay,O3 H HL-TCHL5F T PN 4571 4%
HMRINES, TEXF e F A S SRR BRI T 7RISR

2SIt AR

e n 8 3-Ga,O5 B AT IS (BRI 3k
10" em ®) BUE AR LR R 2, R#E 1
FF s R FIR ST B-GanO4 B L IHCK A, 3 BS 1
) B-GayOq K R IR EE 2R 4.0 mm, 2RI
K G IR A | 25 B KIE U E A AL R
oK i—2% | PEDOT:PSS AHLABIE K PN
g5, R R A BT IR A THE T, R
KR PR E Ag BEAE L. [ 1 Ry el
AT R BRI REA A o8 5o e F 3R W
RESAUBE (PDMS) S04 LATEA T2 SR IPERE Al it

A SCIE o 1R 7 W (SEM, Hitachi
TM3030) XF oK Fr iR TR S AT 3RAE. 2 TR
FEAE I G R, 43 3 E SRR AT 254 nm 484k
SIS, R F] Keithley 4200-SCS 2 44k
A3 BTIASOR IR A 111 58 4 MESI 14 BE.

3 #£R53

Kl 2(a) I B-Ga,Of i LR BT R AR
KA H9 SEM . MR 2(a) AT LA HY, 33085 H SR

Ag

Sy

6—Ga203/ PE&)T: PSS
VR B AR

Drying oven

(]|

PEDOT:PSS/3-GayO5 48 Mt B HE 45 1) il £ T w2 ]

Fig. 1. Schematic diagram of the preparation processes of the PEDOT:PSS/3-GayO5-based UV photodetector.
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Fig. 2. The SEM images for (a) the single 3-Ga,O3; mi-
crosheet and (b) single PEDOT:PSS/3-Gay,O3 heterojunc-
tion.
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Fig. 3. (a) I-V curves of devices under dark and 254 nm
light illumination, inset shows the I-V curve of the device in
dark; (b) I-V curve of Ag-PEDOT:PSS-Ag; (c) I-V curve of
Ag-3-Ga,05-Ag.
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Fig. 4. I-t curves of the device under various light intensity
at 0 V bias.
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Fig. 5. Response-recovery time curve of device for a single
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B AGBEL/ AL MR SR
Table 1.  Performance comparison of inorganic/organic self-powered solar blind UV detectors.

Structure R/(mA-W1) Light intensity/(WW-cm 2) Rise/decay time EQE/% Ref.
PEDOT:PSS/Gay03 microwire 3.25%x10° 16 0.25 5/0.20 s 1591 This work
Ppy-PEDOT:PSS/GaN 1.1x103 6.56x10% 0.255/0.28 s 4.0x10° [23]
Gay03/spiro-OMeTAD 65 1 2.98 ps/28.49 ps 32 [24]
PEDOT:PSS/Gay05 (Bulk) 37 1.5x103 9 ms/9 ms 18 [25]

PEDOT:PSS/Gay03/Si 29 12 60 ms/88 ms 15 [26]
ZnO/PVK/PEDOT/CNT 9.96 210 1.5s/6s ~0.6 [27]
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Fig. 7. Time response of the device at 0 V bias after re-

tested three months.
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Performance of UV photodetector of mechanical exfoliation
prepared PEDOT:PSS/3-Ga,0; microsheet heterojunction®
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Abstract

Ultrawide-bandgap (4.9 eV) B-Ga,Oj; material possesses exceptional properties such as a high critical-
breakdown field (~8 MV /cm) and robust chemical and thermal stability. However, due to the challenges in the
growth of p-type B-Gay,0Os, the preparation of homojunction devices is difficult. Therefore, the utilization of
heterojunctions based on (3-Ga,Os provides a viable approach for fabricating ultraviolet photodetectors. Poly
(3,4-ethylenedioxythiophene)-poly (styrenesulfonate) (PEDOT:PSS), a p-type organic polymer material, exhibits
high transparency in a 250-700 nm wavelength range. Additionally, its remarkable conductivity (>1000 S/cm),
high hole mobility (1.7 cm*V s?), and excellent chemical stability make it an outstanding candidate for
serving as a hole transport layer. Consequently, the combination of p-type PEDOT:PSS with n-type 8-Gay,0O3 in
a heterojunction configuration provides a promising way for developing PN junction optoelectronic devices.

In this study, a 8-Gay,0O3 microsheet with dimensions: 4 mm in length, 500 pm in width, and 57 pm in
thickness, is successfully exfoliated from a [B-Ga,Oj single crystal substrate by using a mechanical exfoliation
technique. Subsequently, a PEDOT:PSS/B-Ga,0; organic/inorganic p-n heterojunction UV photodetector is
fabricated by depositing the PEDOT:PSS organic material onto a side of the 8-Gay,O3 microsheet. The obtained
device exhibits typical rectification characteristics, sensitivity to 254 nm ultraviolet light, and impressive self-
powering performance. Furthermore, the heterojunction photodetector demonstrates exceptional photosensitive
properties, achieving a responsivity of 7.13 A/W and an external quantum efficiency of 3484% under 254 nm
UV light illumination (16 pW/cm?) at 0 V. Additionally, the device exhibits a rapid photoresponse time of
0.25 5/0.20 s and maintains good stability and repeatability over time. Notably, after a three-month duration,
the photodetection performance for 254 nm UV light detection remained unchanged, without any significant
degradation. This in-depth research provides a novel perspective and theoretical foundation for developing

innovative UV detectors and paving the way for future advancements in the field of optoelectronics.

Keywords: 3-Ga,0O5, PEDOT:PSS, heterojunction, UV photodetector
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